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Introduction
Bicuspid aortic valve (BAV) is one of the most common congenital heart diseases, found in 1-2% of the population [1] . Bicuspid aortic valves are prone to either aortic valve regurgitation or aortic valve stenosis and many BAV pa tients require aortic valve surgery during their lives. However, BAV disease is not only a disorder of valvulogenesis; it probably represents a more global disorder of cardiac and vascular morphogenesis. Nonvalvular findings have been reported in up to 50% of BAV adults, including coarctation of the aorta, hypoplastic left heart syndrome, ventricular septal defect, patent ductus arteriosus and atrial septal defect. The most common abnormality associated with BAV is dilatation of the thoracic aorta [2, 3] . Svensson et al. showed that 20% of patients who underwent BAV surgery had a concomitant ascending aortic aneurysm that required surgery [4] ; other reports show even higher (50-60%) prevalence of aortic dilatation in BAV patients [5, 6] .
Case report
A 39-year-old male patient with a history of untreated arterial hypertension was admitted to the Institute of Cardiology for the first time in 2007 due to suspected acute coronary syndrome (ACS), as he suffered from atypical chest pain. Physical examination revealed blood pressure 180/110 mm Hg, heart rate of 74 beats per minute, loud systolic murmur at the base of the heart, and no symptoms of heart failure. ECG showed sinus rhythm 73 beats per minute, features of left ventricle hypertrophy (LVH) and negative T waves in II, III, aVF. Coronary angiography was performed immediately and it revealed atherosclerotic lesions without occlusive coronary artery disease (CAD): maximum luminal diameter stenosis was 30-40% in the right coronary artery (RCA). The troponin I level was detectable but not significantly elevated (0.03 ng/ml and subsequently 0.07 ng/ml, normal values < 0.10 ng/ml) and the D-dimer level was elevated (1.0 µg/ml, normal values < 0.5 µg/ml).
As ACS was excluded, further tests were performed. Echocardiography revealed BAV with degenerative changes and calcifications, aortic stenosis with the mean pressure gradient of 45 mm Hg, mild aortic regurgitation, disproportionate concentric left ventricle hypertrophy with maximum wall thickness up to 1.7 cm and normal left ventricle systolic function (LVEF 65%). Ascending aorta diameter when measured in end-diastole was 5.6 cm (2.6 cm/m 2 when indexed for body surface area (BSA) and Z-score including both BSA and age 9.23), thus meeting the diagnostic criteria for thoracic aortic aneurysm (TAA). Computed tomography (CT) confirmed BAV and dilatation of the ascending aorta up to 5.5 cm; aortic dissection (AD) was not discovered (Figure 1) . Other comorbidities were chronic pancreatitis with recurrent exacerbations, probably due to alcohol overuse, type C chronic viral hepatitis and hyperlipidemia. As the patient met the operating criteria for TAA, he was offered cardiothoracic surgery. Yet, he refused to undergo the surgery and he did not change his mind for the following 3 years. The patient received pharmacological treatment including β-blocker, angiotensin-converting enzyme inhibitor (ACEI), diuretic, atorvastatin, and acetylsalicylic acid (ASA). It is not known how the blood pressure was controlled during the following 3 years because of the patient's poor compliance.
In January 2010, the patient experienced a cerebrovascular event (aphasia of sudden onset that lasted for more than 24 h). During the hospitalization in a Department of Neurology, echocardiography revealed aortic valve morphology and aorta dimensions comparable with those of the previous examinations. The consulting physician performed ultrasonography of cervical arteries; they were calcified but not dissected.
Three months later, in April 2010, the patient was admitted to the emergency room in our institution due to an abrupt onset of chest pain that persisted for the following 3 h. At admission, the patient suffered from severe retrosternal pain that radiated to the left upper limb. The physical examination showed a loud systolic murmur at the base 3 ). It revealed further dilatation of the ascending aorta up to 6.3 cm and aortic dissection with intimal tear localized about 2.5 cm above the aortic valve; the dis section flap extended from the right coronary artery ostium to the distal part of the aortic arch. The dissection comprised the right subclavian artery, which was found to be aberrant, the right common carotid artery and the proximal segment of the left subclavian artery.
The patient received typical pharmacological treatment and was immediately referred to undergo surgery. The Bentall procedure -total aortic root replacement with St Jude Medical 29 mm conduit of the aortic valve, aortic root and ascending aorta with re-implantation of the coronary arteries into the graft -was performed. The distal part of the ascending aorta was replaced with a Datascope 22 mm prosthesis. The course of the early period following the operation was typical: the patient was conscious, respiratory sufficient, circulation was briefly supported with dobutamine, and LVEF assessed by TTE was 50%. He was extubated on the 1 st postoperative day and for the next 2 days he was in a stable condition. On the 4 th postoperative day he started to be excited and restless; fever of 39°C ap peared. From the 6 th postoperative day, the patient started to develop symptoms of septic shock and multiorgan failure. The mediastinum was drained and empiric wide-spectrum antibiotic therapy was administered. Despite intensive care treatment, the patient died on the 8 th day after surgery due to cardiopulmonary insufficiency.
Discussion

Clinical presentation
Current American Heart Association (AHA) guidelines on thoracic aortic diseases specify high-risk conditions for aortic dissection [7] . They include conditions associated with an increased aortic wall stress (hypertension, weight lifting or other Valsalva mane uver, trauma, cocaine or other stimulant intake) and conditions associated with aortic wall abnormalities (such genetic abnormalities as Marfan syndrome (MFS), Loeys-Dietz syndrome (LDS), BAV including prior aortic valve replacement (AVR); and nongenetic abnormalities such as inflammatory vasculitis, pregnancy, and corticosteroids administration). About 70% of patients with AD have a history of hypertension, which is often uncontrolled [8] . Genetically based and congenital diseases are important factors predisposing to AD in the younger population. Known genetic defects associated with TAA affect mostly the aortic root and they typically F Fi ig g. . 3 3. . ECG-gated angio-CT of the thoracic aorta, 3D-VR (volume rendering). A A -Images show type A dissection of the aneurysmal aorta. Anterior view: a dissection of the aorta (broken arrow) extending from the right coronary artery ostium (thin arrow) to the distal part of the aortic arch (thick arrow). B B -Posterior view: aberrant right subclavian artery, which is also dissected (arrow)
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lead to type A dissection. According to the International Registry of Aortic Dissection (IRAD study) 50% of patients younger than 40 years of age had MFS [9] . Bicuspid aortic valve is present in about 15% of patients with type A AD. The 2010 AHA guidelines for the first time stressed the significance of familial history as an important risk factor for AD [7] . At least 20% of patients with AD without known genetic syndromes have relatives with aTAA or dissection [10] . An obvious risk factor for AD is dilatation of the aorta. It is still the best marker of AD and the parameter widely used to qualify patients for prophylactic aortic surgery. Dilatation of the aorta in BAV patients may be independent of the functional competence of BAV [11] [12] [13] , as the thoracic aorta in those patients may undergo accelerated degenerative changes [14] . Decreased amount of fibrillin, elastin fragmentation and apoptosis of smooth muscle cells in the thoracic aorta of BAV patients have been described. Deficient fibrillin-1 results in smooth muscle cell detachment, matrix disruption and cell death. Matrix metalloproteinases could be involved in this process [15] [16] [17] [18] .
Our patient presented some of the conditions predisposing to AD: TAA, BAV and arterial hypertension. He did not present any signs of MFS or any other genetic syndrome; his family history was negative, too.
According to the IRAD study, the most common symptom of acute aortic dissection is pain (95%), most often chest pain (73%), which is abrupt in its onset (85%), severe in intensity, described as sharp more often than ripping or tearing. It may change its location due to further extension of the dissection process along the aortic wall. IRAD data showed that patients with type A dissection typically present with chest pain (79%), more commonly described as anterior (71%), while patients with type B dissection frequently present with back pain (64%). Patients with type A dissection may also report back pain (47%) and abdominal pain (21%) as a result of extension of the dissection into the descending aorta. Other manifestations of AD are: syncope (9.4%), stroke (4.7%) or congestive heart failure (6.6%), limb, re nal or mesenteric ischemia, superior vena cava syndrome, Horner syndrome, hemoptysis and cough [8] . The variability of clinical manifestations is wide ranging from a typical intensive pain to painless discrete signs and symptoms.
A physical examination may reveal murmur of aortic insufficiency, pulse deficit, symptoms of heart failure or a cerebrovascular event. Murmur of acute aortic insufficiency described in one third of patients with AD (44% in type A) is particularly significant if it is a new finding. Pulse deficit, if present, is strongly suggestive of AD; however, it is present in no more than 31% of patients. Half of the patients have systolic blood pressure 150 mm Hg or higher at the initial examination, but they may also be normotensive, hypotensive or even present symptoms of shock. None of the findings is specific for AD; moreover, patients often do not present any of them [8, 19] . As classic physical findings are often absent, the diagnosis of AD requires a high index of clinical suspicion.
Rogers et al. analyzed the sensitivity of risk factors (including conditions predisposing to AD, clinical symptoms and examination findings) proposed in the 2010 AHA guidelines. The most common high-risk predisposing conditions identified in their study were known TAA (14.7%) and known aortic valve disease (11.9%), whereas the most common highrisk examination findings included a new murmur of aortic insufficiency accompanied by pain (23.6%) and a pulse deficit or systolic blood pressure difference between extremities (20.3%). They proposed a detection risk algorithm for the identification of AD at initial diagnosis, which was highly sensitive (98%) [20] . As they verified their score only in the IRAD population (patients with confirmed AD), its specificity is not known. Further studies are needed to elaborate a validated and clinically useful risk score. As long as it does not exist, it is important to keep risk factors for AD in mind. Data show that AD is suspected at initial evaluation in fewer than half of the patients ultimately diagnosed with the disease [8, 21, 22] . The diagnosis is often delayed for several hours. The time from initial symptoms to hospital admission is approximately 1-2 h, as many of the AAD patients have symptoms making them search for medical support. Yet, in 50% of patients with type A dissection the time elapsed from initial symptoms to diagnosis is > 6 h in Europe and > 15 h in the U.S.A. [23] .
Our patient experienced a fairly typical clinical manifestation with severe abrupt anterior chest pain, which may indicate that the site of initial intimal disruption is localized in the ascending aorta. He presented a blood pressure difference between the upper limbs and systolic murmur of the aortic valve stenosis. A diastolic murmur of the aortic valve due to its acute incompetence, typically described for AD, was not observed. Significant aortic regurgitation (moderate or severe) is less likely in the presence of huge calcifications of the aortic valve described previously in the patient presented.
Differential diagnoses
Differential diagnoses of AAD include ACS with or without ST segment elevation, pulmonary embolism, pericarditis, pleuritis, musculoskeletal pain, aortic aneurysm without dissection or aortic stenosis.
Acute coronary syndrome is the most common cause of life-threatening chest pain and also the most common cause of AAD misdiagnosis [24] . However, some differences in its clinical presentation have been described. The pain associated with ACS starts slowly and gains in intensity with time; it is usually oppressive and dull, while the pain that AAD patients typically present with is abrupt, very intense, with its maximum at the time of onset. Such physical findings as blood pressure difference between upper limbs are not part of the ACS symptoms. Moreover, since the patient had coronary arteriography performed 3 years earlier, which did not show any hemodynamically significant coronary artery lesions, the probability of ACS as the only cause of chest pain was lower. However, it is important to remember that 20% of AD patients have concomitant coronary ischemia as AD may extend into the coronary ostium, usually the one of the right artery [8] .
Known factors predisposing to pulmonary embolism (PE) include hip or leg fracture, surgery (particularly orthopedic, but also other major procedures), prolonged immobility due to a disease or trauma, malignancy or thrombophilia. Clinical manifestations of PE may vary; however, most patients have at least one of the following symptoms: dyspnea, chest pain (usually pleuritic) or syncope [25] . As far as the re ported patient is concerned, he presented blood pressure difference between the limbs strongly suggestive of AD but not typical of PE.
Imaging modalities
Different imaging modalities can be employed to confirm AD diagnosis: TTE, transesophageal echocardiography (TEE), CT, magnetic resonance imaging (MRI), aortography, and intravascular ultrasound (IVUS).
Transthoracic echocardiography is a noninvasive, widely available technique, which can be used for decision making in the emergency room. For AD detection, its sensitivity is 59-83% and specificity 63-93%. The sensitivity of TTE for the diagnosis of type A dissection ranges from 78% to 100%, but it is only 31-55% for type B dissection, as the descending aorta is not easily visualized [26] . Transesophageal echocardiography has a sensitivity of 94-100% and a specificity of 77-100% for the diagnosis AD [27, 28] . A disadvantage of this method is its semi-invasive nature and insufficient evaluation of the distal part of the ascending aorta and the branches of the aortic arch [29] . The technique requires skilled staff to perform it and to interpret its findings.
Multidetector CT is often the modality of choice for the evaluation of AD. It is a widely available, fast and accurate method. Helical CT has 100% sensitivity and 98% specificity [27, 30, 31] . The accuracy of modern multidetector CT that allows rapid image acquisition and data reconstruction is almost 100% [32] . The diagnosis is based on the detection of an intimal flap which separates two lumens: the true one and the false one. Computed tomography allows type A dissection to be differentiated from type B, and it can localize the intimal tears and assess aortic branch-vessel in volvement.
A relatively new modality is "triple-rule out" CT. The term means ECG-gated multidetector CT angiography performed in an emergency department as a screening study to evaluate patients with acute chest pain for three po tential fatal causes: AD, PE, and CAD, with high negative predictive value (> 95%) [33] [34] [35] .
Magnetic resonance imaging is a noninvasive method, both highly sensitive and specific (nearly 100%), for diagnosing AD. Contrast-enhanced MR angiography has several advantages over CT angiography, including lack of nonionizing radiation and greater vessel coverage at high resolution with fewer slices. Magnetic resonsnce is not widely performed for the diagnosis of AAD due to limited availability and long time of acquisition, so it cannot be performed in hemodynamically unstable patients [27] .
Aortography, considered as the diagnostic standard for AD for several decades, is nowadays rarely performed as modern non-invasive methods have developed. It is highly specific (better than 95%) for diagnosis of classical AD, but its sensitivity is lower in cases of atypical forms of AD (intramural hematoma (IMH), penetrating aortic ulcer (PAU)) [36, 37] .
Intravascular ultrasound, with its sensitivity and specificity close to 100% in evaluating AD, overcomes known limitations of conventional aortography as the aortic wall is visualized from inside the lumen. It is particularly useful in assessing the presence of IMH or PAU if other methods give inadequate results, but as an invasive procedure and due to its limited availability, it is not a first step modality in AD diagnosis [37, 38] .
The 2010 AHA guidelines recommend urgent and definitive imaging of the aorta using TEE, CT or MRI to identify or exclude thoracic aortic dissection in patients at high risk for the disease (IB) [7] . The aim is to confirm the diagnosis, differentiate true and false lumens, localize intimal tears and dissection extent, distinguish communicating and non-communicating dissections, assess branch involvement, detect and grade aortic regurgitation and detect extravasation. In the IRAD study, most patients underwent multiple imaging studies. The first diagnostic test was most often CT (61%), followed by echocardiography (33%), MRI (2%) and angiography (4%). Intravascular ultrasound, as a fairly new technique, was not evaluated in the IRAD study [8] . A comparative study with spiral CT, 0.5 Tesla MR and TEE showed 100% sensitivity for all techniques, with better specificity of CT (100%) than of TEE (94%) and MR (94%) [31] . Another recent meta-analysis that evaluated the diagnostic value of TEE, helical CT and MR for suspected AD found that all of them provided equally high diagnostic accuracy [27] . Selecting a specific diagnostic technique should be based mostly on the following factors: immediate availability of the method, experience of the imaging staff and patient variables (hemodynamic state or specific contraindications).
ECG should be obtained from all patients who present symptoms suggesting of AD [7] . Up to 30% of patients with type A AD have normal ECG; the others may have non-specific ST-segment or T-wave changes (42%), LVH features (25%), signs of ischemia (17%), Q waves (7.7%), or new myocardial infarction signs including ST segment elevation (4.8%) [8] . If the risk for AD is high, the diagnostic procedure for AD should be continued independently of ECG findings.
Highly specific and sensitive laboratory tests for acute aortic diseases are not available yet. However, some biochemical markers seem to be very promising. D-dimera biodegradation product of fibrin -has almost 100% sensitivity in diagnosing AAD; its serum concentrations reflect the longitudinal extent of the dissection and correlate with mortality rates. However, as a nonspecific indicator of Blanka Milanowska et al. A fatal outcome of thoracic aortic aneurysm in a patient with bicuspid aortic valve intravascular coagulation, D-dimer can be elevated in many conditions. It seems to be a useful marker to identify patients who do not have AD. The marker has an excellent negative predictive value of 95% within the first 24 h of onset at the widely used cutoff level of 500 ng/ml. Several other plasma markers have been investigated for their utility in the evaluation of AAD. Plasma smooth muscle myosin heavy chain protein, high-sensitivity C-reactive protein and elastin degradation products have shown some diagnostic value, but we need further prospective studies to elaborate recommendations regarding their use [39] [40] [41] [42] .
Treatment options
A patient with suspected or confirmed diagnosis of AAD should be treated in an intensive care unit. Initial management including β-blockers or vasodilators is directed at decreasing the aortic wall stress by controlling heart rate and blood pressure. The aim is to obtain a heart rate below 60 beats per minute and systolic blood pressure between 100 mm Hg and 120 mm Hg [7, 37] .
The definitive management depends on the type of AD. A patient with dissection involving the ascending aorta (type A AD) should be immediately evaluated for surgical repair to prevent life-threatening complications including aortic rupture or cardiac tamponade [7, 37] . The mortality in untreated type A dissection is extremely high: 1% per hour with half of the patients dead after 48 h. After 1 month and 1 year only 16% and 8% of patients respectively are still alive [43] .
The technique for repairing type A AD depends on the size of the aortic root, the condition of the aortic valve, extent of the dissection and anatomical conditions. The goals of surgery are to resect the primary entry tear, to correct or prevent any malperfusion and aortic valve regurgitation and, if possible, to prevent late complications in the proximal and downstream aorta. There is a large variability of surgical procedures including valve preserving surgery -tubular graft implantation if the aortic root and the aortic valve are unchanged, Bentall procedure -total aortic root replacement with a composite valve graft consisting of the aortic root and a prosthetic valve and reimplantation of the coronary arteries into the graft and finally a technically difficult David procedure, involving ascending aorta replacement with reimplantation of the native valve into the aortic graft and attachment of the graft to the left ventricle outflow tract [7, 37] .
Conclusions
The case report shows a typical course of an aortic aneurysm and its most serious life-threatening complication -aortic dissection. Aortic aneurysm is usually an asymptomatic disease (only 5-10% of patients have any symptoms and the symptoms are unfortunately nonspecific) until its catastrophic manifestation, AD, occurs. Aortic dissection claims high mortality. Many patients die prior to hospitalization, often without diagnosis. The results of the emergency aortic surgery remain unsatisfactory with in-hospital mortality reaching 30% despite the improvement in surgical procedure even in experienced centers [44] . We also know that elective aortic surgery is connected with much lower perioperative mortality, 3.7-8.3% [45] . As AD tends to occur in an aneurysmal aorta, treatment of aneurysms before dissection occurs is essential for long-term survival. Current guidelines propose elective aortic surgery when the aortic size reaches 5.0 cm in case of MFS, BAV or other genetic syndromes, and 5.5 cm in other cases [7] .
As has been pointed out, due to his refusal to undergo elective surgery, the patient was finally operated on in an emergency situation. The case report supports the need for early diagnosis and adequate management of thoracic aortic aneurysms, including an appropriate qualification for prophylactic aortic surgery, as such a procedure may re duce the prevalence of acute aortic syndromes and mortality rate resulting from AAD.
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